The onset of schizophrenia occurs during a period critical for development of social relationships and functional independence. As such, interventions that target the early course of illness have the potential to stave off functional decline and restore functioning to pre-illness levels. In this entirely remote study, people with recent-onset schizophrenia spectrum disorders (SSDs) participated in a 12-week randomized controlled trial to determine the efficacy of PRIME (personalized real-time intervention for motivational enhancement), a mobile-based digital health intervention designed to improve motivation and quality of life. Participants were randomized into the PRIME (n = 22) or treatment-as-usual/waitlist (TAU/WL) condition (n = 21) and completed assessments at baseline, post-trial (12 wk), and for people in the PRIME condition, 3 months after the end of the trial. After 12-weeks, WL participants received PRIME, resulting in a total sample of 38 participants completing PRIME. In PRIME, participants worked towards self-identified goals with the support of a virtual community of age-matched peers with schizophrenia-spectrum disorders as well as motivation coaches. Compared to the WL condition, people in the PRIME condition had significantly greater improvements in self-reported depression, defeatist beliefs, self-efficacy, and a trend towards motivation/pleasure negative symptoms post-trial, and these improvements were maintained 3 months after the end of trial. We also found that people in the PRIME condition had significantly greater improvements in components of social motivation post-trial (anticipated pleasure and effort expenditure). Our results suggest that PRIME has the potential to be an effective mobile-based intervention for improving aspects of mood and motivation in young people with SSDs.
Introduction
Schizophrenia is a serious and disabling disorder, but with targeted early interventions, individuals may experience functional outcomes equivalent to those living without the disorder. [1] [2] [3] [4] An increasing body of evidence suggests that motivational deficits play a critical role in determining functional outcomes in schizophrenia spectrum disorders (SSDs). 5, 6 These deficits in adaptive goal-directed behavior encompass a range of underlying component processes, including difficulty learning from rewarding outcomes, 6, 7 diminished anticipation of pleasure for rewarding outcomes, 8 as well as a reduction in effort expended to obtain rewarding outcomes. 9, 10 These impairments have been observed to be less severe early in the course of illness, suggesting it might be an ideal time to intervene in order to stave off further decline and disruptions to functioning during a critical period of development.
Utilizing technology, such as smartphone apps and web-based platforms, to deliver behavioral interventions is a promising area of research and has been found to be a feasible and effective approach to early intervention in psychosis. [11] [12] [13] [14] In addition to using technology platforms to deliver interventions, digital tools have been successfully adopted with adherence rates typically high (~80%) as well as useful for measuring precise phenotypic features of psychosis, which has significantly enhanced our understanding of individuals living with psychosis. 15, 16 Deploying interventions using ubiquitous technology may help make care more accessible and is a particularly important methodology given that individuals with schizophrenia typically experience motivational deficits that may disrupt engagement in traditional delivery systems of care, such as weekly psychotherapy visits. 17, 18 In addition to harnessing technology to deliver interventions, it is possible to utilize tech-enabled platforms to remotely conduct clinical trials-an approach that may make participation in clinical trials more accessible. Equally important to addressing engagement and access is ensuring that digital interventions are rigorously evaluated for their effectiveness and specific indications. While some digital interventions may be sufficient as a stand-alone care option (ie, self-management tools for depression), in schizophrenia, digital interventions will likely be considered adjunctive to existing care. Digital interventions may be particularly well suited to either augment existing approaches or target domains of the illness (ie, cognitive and motivational deficits), which may be difficult to treat using traditional approaches.
The purpose of this study was to test the efficacy of a new mobile intervention called PRIME (personalized real-time intervention for motivational enhancement), which was designed to improve motivational impairments early in the course of schizophrenia. PRIME is a mobile app intervention that includes a peer community, goal and achievement tracking, and cognitive behavioral therapy (CBT) based coaching. The intervention was designed to target the motivational system by utilizing social reinforcement to engage and sustain goal-directed behavior. The targeting of motivated behavior was hypothesized to require successful engagement of the various component process of reward processing, known to be disrupted in psychosis spectrum disorders. This study was conducted after our team demonstrated the feasibility and acceptability of the intervention in a pilot sample, involving 10 participants in a trial. 11 In this randomized controlled trial, the delivery of PRIME over a 12-week period was compared to a treatment-as-usual/waitlist (TAU/WL) control group. We hypothesized that participants in the PRIME condition would experience significantly greater improvements in self-reported and task-based motivational impairments, relative to the TAU/WL condition. A secondary aim of the study was to test the feasibility of conducting an entirely remote clinical trial for individuals with schizophrenia.
Methods

Recruitment
Participants were recruited remotely using Craigslist, online message boards, and flyers posted in clinics and doctor's offices. Study investigators also listed the study on the UCSF School of Medicine Clinical Trials website and the lab website, and directly contacted other research labs. Interested participants contacted the study team and were screened and enrolled entirely remotely from 13 states across the United States (California: n = 23, Texas: n = 3, Tennessee: n = 2, New York: n = 2, Nevada: n = 1, Idaho: n = 1, Arkansas: n = 1, Maryland: n = 1, Virginia: n = 1, Washington: n = 1, North Carolina: n = 1, South Carolina: n = 1, Colorado: n = 1), as well as 2 countries outside of the United States (Canada: n = 3, Australia: n = 1). Inclusion and exclusion criteria for participants were: (1) meeting DSM-IV-TR criteria for a diagnosis of schizophrenia, schizophreniform, or schizoaffective disorder, (2) being in the early course of illness (defined as being within the first 5 y of formal diagnosis), (3) being between the ages of 16 and 36, (4) not meeting DSM-IV-TR criteria for substance dependence within the 6 months prior to starting the study, (5) being clinically stable (no changes in outpatient status or medication) for at least 1 month prior to starting the study, (6) being able to provide informed consent, (7) not having history of neurological disorders or serious head trauma, (8) being fluent in English, and (9) having an estimated IQ > 70 as measured by the Wechsler Test of Adult Reading (WTAR). 19 Demographic information, such as age, diagnoses, and years of education, as well as utilization of treatment resources (eg, therapy, psychiatric services), can be found in table 1.
Remote Data Collection Procedures
For all participants, informed consent documents were built and sent via Qualtrics Insight Platform (Provo, UT). Participants were guided through the informed consent process over the phone with a trained research assistant and provided their informed consent by checking a box and typing their name in the online document. Self-report measures and behavioral tasks were also administered via Qualtrics Insight Platform. All interview-based clinical assessments were conducted via FaceTime or Skype.
Study Design
This 12-week randomized control trial (RCT) tested the efficacy of the second iteration of PRIME, including modifications informed by the results of our pilot study. Participants were randomized to either receive PRIME or a TAU/WL control condition. Participants were compensated for their time to complete study-related assessments ($20/h) but were not paid for their participation in the intervention. Study evaluators were blind to treatment condition.
Study Sample
Of the participants who completed an initial phone screen of eligibility (n = 140), 77 were excluded. The remaining 63 potentially eligible participants then completed a thorough intake assessment to confirm eligibility, with a total of 43 participants being randomized to PRIME (n = 22) or a WL condition (n = 21). Participants in the WL condition were offered the opportunity to receive PRIME after 12 weeks (see figure 1 for CONSORT diagram); 20 out of 21 waitlisted participants opted to receive PRIME after these 12 weeks. The assessments completed at this time doubled as final WL condition scores and as baseline scores prior to entry into PRIME. All participants met DSM-IV-TR 20 criteria for a SSD, evaluated using the Structured Clinical Interview for DSM-IV-TR Disorders. 21 Participants were given the option of borrowing a smartphone from the researchers, and 12 of the 43 participants exercised this option. Of the 43 participants randomized to the PRIME or WL conditions, 37 (86%) were taking an antipsychotic medication at the time of the study. In order to compare the antipsychotic burden across people with an SSD, we calculated chlorpromazine (CPZ) equivalents using a standardized conversion table. 22 Clinical and demographic characteristics for both conditions may be found in table 1.
PRIME Description
PRIME was designed in collaboration with IDEO, a global design, and innovation firm, to implement a human-centered design process and make the platform appealing to users and address their needs. With PRIME, participants joined a supportive online environment where they selected and documented progress on small, self-determined goals in the domains of health/wellness, social relationships, creativity, and productivity. When participants set up a PRIME account, they selected longterm goals from a 36-item list, which included goals such as "deepen my relationship with my family" and "feel more relaxed." A feature was developed later in the study permitting users to add to and modify the goals they selected during account set up. When using the goal feature later, participants chose one of the long-term goals they indicated interest in during setup. This triggered a display of brief challenges (able to be completed in a day) that contributed to that goal, such as "offer to help a family member with a chore, like shopping or cleaning!" or "invite a family member to do something fun with you." Each long-term goal contained more than 15 suggested challenges on average. Participants sequentially viewed these suggested challenges and had the ability to create a custom challenge, which they could manually enter. Participants viewed the suggested challenges one at a time and, as a participant completed several challenges for the same goal, the sequence adapted to display more ambitious options. Suggestions laddered from challenges like "listen to relaxing music for five minutes…" to "go to a yoga class…" but participants were always able to view and select the easier-to-accomplish challenges at any time. Participants were given automatic reminders of the challenges and indicated when they completed the challenges they selected. Completion prompted participants with an opportunity to post a quick "accomplishment moment" which they shared with their coach and the PRIME community. PRIME provides users with motivation coaches; masters-level clinicians who use evidence-based interventions drawn from CBT, behavioral activation, mindfulness, and psychoeducation to help participants overcome the daily obstacles that hinder goal progress and improve health outcomes. Additionally, the PRIME community provides a platform for users to interact with one another. Users may send messages directly to each other and can also Note: PRIME group is combined sample of both conditions. PRIME, personalized real-time intervention for motivational enhancement; WTAR FSIQ, wechsler test of adult reading full scale IQ; PANSS, Positive and Negative Syndrome Scale; CPZ, Chlorpromazine; SSD, schizophrenia spectrum disorder.
capture and share positive, spontaneous moments in their daily life with the whole PRIME community. When first-time participants signed in to the app, a research assistant guided them through the process of creating a user profile. Participants created a username, uploaded a profile picture, selected their interests, goals, and symptoms, and wrote a short bio. Once a user was registered to the app, an assigned motivation coach sent the new participant a welcome message and an offer to support the participant in achieving his/her goals. The coach informed his/her assigned participants that he/she would be available to message with them "most days" per week, but would modify the frequency depending on their preference, clinical issues, and overall progress towards goal achievement. When possible, messaging between coaches and participants was synchronous (ie, in real-time) to facilitate intervention development and implementation. Participants could also request to speak with coaches on the phone or via FaceTime. Goal achievement was measured by the number of challenges completed in each goal domain. Participants in the PRIME condition were encouraged to use the app daily, whether it be to message with coaches and/or peers or complete challenges. However, the minimum expectation for participation in this intervention was logging into PRIME at least 1×/wk over the 12-week period.
PRIME Outcome Measure
The primary outcomes for this trial were changes in components of motivated behavior from baseline to 12-weeks using a modified version of the Trust Task. [23] [24] [25] In line with recent models of motivation impairment in people with schizophrenia 8, 26 the Trust Task was designed to assess 3 components of motivation: reward learning, anticipated pleasure, and effort expenditure. The initiation and execution of motivated behavior involves each of these components, and with PRIME participants receive support in their pursuit of goal-directed behavior as well as feedback about their performance. As such, the Trust Task, which assesses these specific motivation components in a social context, can provide an objective index of how engagement with PRIME generalizes to improvements in motivation for social interaction more broadly.
During this task, participants interacted with 4 simulated social partners identified by name and a dynamic video of them expressing a facial display. Participants indicated their anticipated pleasure from the outcome of the interaction (1 to 7 scale). To measure reward learning, participants decided how many points to send to a social partner (between 0 and 10) using the keyboard. The amount of points sent by the participant was then quadrupled, and social partners returned a percentage of the quadrupled amount (0% to 100%), with both the participant and social partner's percentage shown on the screen. Thus, the key variables related to trust for each trial were the amount of points sent by a participant (represents how much he/she trusted a social partner) and the percentage of points returned by the social partner (represents the extent to which participant trust was reciprocated). Intact reward learning would mean giving more points to trustworthy and fewer points to untrustworthy social partners. Finally, participants could influence the likelihood of interacting with this social partner again in the future by expending effort in the form of repeated key presses. Participants could repeatedly press a specific key to increase the likelihood, a different key to decrease the likelihood, or simply choose to do nothing for the duration of the 6-second response window if they did not have a preference. We averaged the number of key presses across the response window to create an index of the number of key presses per second per participant. Social partner behavior was predetermined so that interactions with 2 partners resulted in positive outcomes (average return double the amount sent) while interactions with the other 2 social partners resulted in negative outcomes (average return half the amount sent). Participants interacted with each social partner 8 times for a total of 32 trials. In previous studies, both the average amount of trust placed 24 and the average amount anticipated pleasure 23 during interactions with trustworthy social partners has been shown to be positively associated with social functioning in people with schizophrenia.
PRIME Outcome Assessment: Secondary
In addition to our primary outcome, we assessed self-reported defeatist beliefs and change in motivation using the Motivation and Pleasure-Self Report scale (MAP-SR), 27 which is a self-report version of the Motivation and Pleasure scale from the Clinical Assessment Interview for Negative Symptoms. 28 Second, we assessed real-world functioning in independent living, work, family, and social domains using the interview-based Role Functioning Scale (RFS). 29 In addition, we assessed quality of life in social and vocational domains using the interview-based Quality of Life Scale -Abbreviated (QOL-A). 30 We also assessed defeatist beliefs about successfully performing goal-directed behavior using the 15-item subscale 31 of the Dysfunctional Attitudes Scale, 32 depression symptom severity with the Beck Depression Inventory, Second Edition (BDI), 33 and self-efficacy with the Revised Self-Efficacy Scale (R-SES). 34 All self-report measures had acceptable internal consistency (α > .80). We also assessed positive and negative symptoms using the Positive and Negative Syndrome Scale (PANSS). 35 The same remote assessment schedule was used for participants in both conditions and included clinical evaluations at baseline and 12-weeks. Because participants in the WL condition were given the option to join the PRIME condition immediately after the 12-week time point, we did not conduct a 3-month post-study assessment with these participants. Since our primary outcome was changes in motivated behavior between study conditions, and we did not conduct a 3-month assessment for WL participants, the Trust Task was not administered at this time point. Outcome evaluators in the RCT were blind to condition.
PRIME Acceptability
We assessed PRIME acceptability during an exit interview at the 12-week time point (post-trial) where participants rated their satisfaction with the specific features of PRIME, such as the ability to interact with peers and the different goal categories, on a 1 (not at all) to 10 (very much) scale. We also assessed retention in the trial as a measure of acceptability.
PRIME Feasibility
To evaluate feasibility, we assessed the following use metrics: login frequency (average number of days logged in per week), average number of challenges completed (both overall and by individual challenge category), challenge completion percentage, and the average number of peer and coach interactions. Interactions included direct messaging on PRIME as well as commenting on and liking content posted to the community moments feed. To further understand how participants were engaging with the PRIME platform, we evaluated "active use rate." 11 To do this, we added together the average number of challenges completed, peer, and coach interactions and divided this total by the number of weeks the participant had access to PRIME. Thus, a value of 2.3 would mean that a participant was active on PRIME 2.3 times/wk. Passive use was defined as logging into the app, but not posting a moment, completing a challenge or interacting with peers or coaches. Thus, a participant may log in to the app 4 days per week but actively engage with the features of the app 2 times/wk.
Data Analysis Plan
We used an intent-to-treat analysis, and thus all participants who completed baseline assessments were randomized and included in the analyses. All analyses involving the PRIME condition included both participants initially randomized into this condition as well as WL condition participants who received PRIME after 12-weeks. First, we examined whether any demographic variables were related to baseline motivation (MAP-SR, Trust Task components) or functioning (RFS, QOL-A) and whether any demographic variables, baseline motivation, and functioning were related to PRIME utilization using correlations. To determine PRIME acceptability, we examined the average ratings from the PRIME satisfaction survey administered at the 12-week time point for overall satisfaction as well as the most and least popular PRIME features. Furthermore, we also reviewed qualitative feedback from the PRIME exit interview. To investigate PRIME feasibility, we examined descriptive statistics for the following PRIME metrics: login frequency, challenges completed, spontaneous and goal achievement moments, peer and coach interactions, and active use rate.
To investigate the effect that PRIME had on our primary and secondary outcomes, we conducted ANCOVAs comparing changes from baseline to the 12-week time point for participants in the PRIME and WL conditions. ANCOVA allowed us to examine group differences in our outcomes of interest at the 12-week time point while controlling for baseline scores. For participants in the WL condition, the 12-week time point data also served as their baseline time point data for when they entered the PRIME condition.
To test whether changes in our primary and secondary outcomes persisted at the 3-month time point, we conducted paired samples t-tests between 12-week minus baseline and 3-month minus baseline change scores, with the exception of the Trust Task, which was only administered at the baseline and 12-week time points. To explore the degree to which specific aspects of PRIME use were associated with improvements in our primary and secondary outcomes, we computed correlations between change scores in our outcome measures (12-wk time point minus baseline) and PRIME login percentage (passive use), PRIME active use rate, total number of coach interactions, total number of peer interactions, and total goals completed.
Results
Five participants in both the PRIME and WL conditions dropped out while using PRIME or were unreachable for post-intervention assessments, and an additional 6 were unreachable or otherwise did not complete followup assessments 3 months later (figure 1). Since participants in the WL condition were able to use PRIME after 12-weeks, analyses comparing changes at the 12-week time point have n = 38 in the PRIME condition (19 originally randomized into PRIME plus an additional 19 WL participants who received PRIME after 12-wk) and n = 21 in the WL condition. The sample size for analyses looking at the 3-month time point in the PRIME condition is n = 32, which means that 74% (32/43) were retained for the duration of the trial and follow-up period.
Participant demographics were not related to baseline clinical symptoms or PRIME use metrics. Further, there were no differences in demographic or baseline symptoms between participants randomized into either condition. Both PRIME use metrics (login percentage, interactions) and the effort expenditure component of the modified Trust Task were not normally distributed, so we conducted a root transformation on these data.
The Effect of PRIME on Our Primary Outcome: Motivated Behavior
To investigate the effects of PRIME on our primary outcome, we compared the PRIME and WL conditions on changes in the Trust Task from baseline to post-trial (12-wk time point). We found a significant difference between conditions in anticipated pleasure during the modified Trust Task, F(1,56) = 4.75, P = .03, with participants in the PRIME condition showing a greater increase from baseline to 12 weeks compared to WL, t(55) = -2.39, P = .02, d = 0.64 ( figure 2a) . Similarly, we found a significant difference between conditions in effort expended to increase the likelihood of future social interactions with positive outcomes, F(1,56) = 4.66, P = .04, with participants in the PRIME condition showing a greater increase from baseline to 12 weeks compared to WL, t(55) = −2.17, P = .03, d = 0.58 (figure 2b). Furthermore, we found a trend towards significant improvement in learning from positive outcomes during the modified Trust Task, F(1,56) = 3.53, P = .07. There were no significant differences in effort expended to decrease the likelihood of future interactions with positive outcomes, nor in changes in components of motivation for interactions with negative outcomes (Ps > .20).
The Effect of PRIME on Secondary Outcomes: Self-reported and Clinically Assessed Motivation, Symptoms, and Functioning
Next, we investigated the effects of PRIME on our secondary outcomes: self-reported defeatist beliefs, motivation, depression, self-efficacy, and clinically assessed positive and negative symptoms and functioning. We found significant differences between conditions for defeatist beliefs, F(1,57) = 5.58, P = .02, with participants in the PRIME condition showing a greater decrease from baseline to 12 weeks compared to WL, t(56) = 2.22, P = .03, d = 0.59 (figure 3a). We found similar effects for depression symptoms, F(1,56) = 7.06, P = .01, and self-efficacy, F(1,55) = 5.76, P = .02, with the PRIME participants showing greater improvements from baseline to 12 weeks, t(53) = −2.30, P = .03, d = 0.63 (figure 3b), and t(56) = −2.39, P = .02, d = 0.64 (figure 3c), respectively. Importantly, comparing changes from baseline to 12-weeks and baseline to 3-months, we found no differences, suggesting that these gains were maintained 3 months post-trial. We also found a trend towards significant improvement on the MAP-SR, F(1,57) = 3.79, P = .06. There were no group differences in changes in positive or negative symptoms (PANSS), quality of life (QOL-A), or functioning (RFS) from baseline to the 12-week time point, nor the 12-week to the 3-month time point (Ps > .28).
As an exploratory follow-up, we examined whether the same pattern of findings was true for only participants in the WL condition who then received PRIME. Generally consistent with our primary outcomes findings for the combined sample (PRIME first and WL first), we found participants who were randomized to the WL condition had significantly greater learning from positive outcomes following 12 weeks of PRIME, F(1,37) = 4.53, P = .04. We also found trends toward greater anticipated pleasure, F(1,37) = 3.64, P = .07, and effort expended to increase the likelihood of future social interactions with positive outcomes following 12 weeks of PRIME, F(1,37) = 3.28, P = .08. Our secondary outcome findings were less consistent with the combined sample as participants who were randomized to the WL condition had significantly greater improvements in depression, F(1,38) = 3.98, P = .05, and defeatist beliefs, F(1,38) = 4.39, P = .04, but not the MAP-SR (P = .41) or self-efficacy (P = .10).
Exploring Whether PRIME Use is Related to Changes in Primary and Secondary Outcomes
To explore how PRIME improved symptoms and behavior, we explored correlations between PRIME metrics (PRIME login percentage, PRIME active use rate, total number of coach interactions, total number of peer interactions, and total goals completed) and changes in our primary and secondary outcomes from baseline to posttrial (12-wk). We did not find any significant correlations between PRIME metrics and change in our outcomes measures (Ps > .10).
PRIME Acceptability
Mean overall satisfaction with PRIME for the entire sample, as rated during the exit interview administered at the 12-week post-assessment, was 8.21 (SD: 1.9). Some of the comments made by participants when asked about how PRIME impacted their lives included: "(PRIME) helped me see that 'you're not the only one' by seeing others do well and be able to get better", and "It was good to have coaches to speak to when I needed it. Working with my coach really helped me work on testing some paranoid beliefs and teaching me how to test those on my own as well. …Helped reduce suicidality primarily through instilling some level of hope, which came from feeling connected to a larger group and resource. This connection felt like a solid foundation. Decreased helplessness too.". The most popular PRIME feature was the ability to directly message coaches (M: 8.38, SD: 2.5), and the least popular PRIME feature was the ability to track your mood (mean: 6.33, SD: 2.4).
PRIME Feasibility
Average PRIME use data per participant (login frequency, challenge completion, interactions) can be found in table 2 and are presented separately for participants randomized to receive PRIME first or after 12-weeks in the WL condition. On average, participants logged in a little over 4 d/wk. Over a 12-week period, participants were highly engaged in the platform, with 5152 direct messages sent from participants to coaches. In terms of peer-to-peer interactions, participants initiated interactions with each other a total of 497 times. Participants initiated about 10 interactions with coaches for every initiated peer interaction. All 38 participants initiated at least 1 message to a coach and 13 (33%) initiated more than the average of 128.8 coach interactions. However, there was a considerable amount of variability in coach messaging, with the range for initiated coach interactions being 12 to 574. Participants completed an average of 1.5 challenges per week. Health/wellness challenges were the most popular at about 1 challenge completed every 2 weeks, followed by creativity, social challenges, and productivity challenges of which participants completed approximately 1 every 3 to 4 weeks. Challenge completion percentage was high (88%), suggesting that participants had little difficulty completing the challenges that they set. PRIME activity, defined as both the number of challenges completed and number of messages sent, was highest during the first month. However, engagement with the PRIME features dropped after the first month of the trial before leveling out over the second and third months. To illustrate this point, participants initiated an average of 10.3 challenges in the first month compared to 4.1 and 3.0 in the second and third months. A similar pattern was observed for messaging with coaches, with participants initiating an average of 53.9 messages in the first month compared to 34.2 and 31.8 messages in the second and third months. Three participants discontinued PRIME use right before or during the third month of the trial, which could have contributed to this pattern of decreased engagement over time. Taken together, the relative maintenance of PRIME use over the course of the second and third months may reflect a more stable, long-term engagement with the application.
Discussion
This study demonstrated that PRIME is a feasible, acceptable, and efficacious intervention for improving mood and motivation in young people with an SSD. The overall 74% retention rate for the treatment (and 88% retention post-intervention), demonstrated that this intervention Fig. 3 . Improvements in our secondary outcomes. Compared to the waitlist (WL) condition, participants in the PRIME (personalized real-time intervention for motivational enhancement) condition had significant decreases in (a) defeatist beliefs and (b) depression and significant increases in (c) self-efficacy.
was very well tolerated. Participants rated their overall satisfaction with PRIME highly, which was demonstrated by the degree of engagement observed in the app. Participants, on average, used PRIME a little over 4 d/ wk and sent over 5000 messages to coaches and approximately 500 to their peers. Many participants noted that it was the first time they had seen or interacted with other young people with an SSD, and they particularly appreciated being able to have on-demand coaching, as demonstrated by the qualitative feedback and this feature being rated as the most satisfying.
This preliminary examination of efficacy found that participants in PRIME experienced significant improvements in depression, defeatist beliefs, self-efficacy and several important components of motivation, such as reward learning, anticipated pleasure, and effort expenditure. As such, PRIME appeared to function as a behavioral activation intervention. The improvements in the domains of motivation were a specific focus in the initial design of PRIME, 11 which emphasized engagement in goal-directed behavior, capturing images and cataloging positive experiences, and sustaining engagement (encouraged by social reinforcement) in sharing experiences in the PRIME community. Furthermore, we showed that PRIME specifically targets and engages components of motivation that work together to produce motivated behavior. Indeed, our findings show that PRIME increased learning from positive outcomes, anticipated pleasure for positive outcomes, and expenditure of effort to obtain future positive outcomes, which are components of motivation not typically improved by medications nor in-person psychotherapy. 36, 37 As such, PRIME may act as an important adjunctive intervention to treatment approaches that are usually more focused on treating the positive psychotic symptoms, and offer a more holistic approach to improving outcomes for people with an SSD.
There were several limitations to this study, including a relatively small sample size that may not have been representative of the population with SSD or adequately powered to determine whether deploying PRIME would be successful in improving other important clinical outcomes, such as role or social functioning. Secondly, the use of a TAU/WL control condition for this study did not allow for an understanding of the relative effect of PRIME compared to other types of mobile interventions or treatment approaches. And lastly, the relatively short follow up period (3 mo) may not have been long enough to conclude whether the effects of PRIME would translate into longer term and clinically meaningful outcomes. Further research is needed to improve our knowledge about the moderators of outcomes as well as refine our understanding of who may benefit more or less from this intervention approach.
To our knowledge, this is the first study to demonstrate that a mobile intervention may improve critical domains of impairment in SSD. Further, this study was conducted entirely remotely and successfully recruited, enrolled, and engaged young people all over the United States, Canada, and Australia. By using this methodology, clinical trials may be conducted more efficiently and potentially recruit an even more diverse sample than in academic settings. Lastly, by implementing a humancentered design process, we ensured that PRIME was able to pair a scientific foundation with an approach that resonated with the needs of young people with an SSD. Note: PRIME, personalized real-time intervention for motivational enhancement.
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